as a red crystalline solid. The new compounds were characterized by microanalytical data, mass, IR and 1 H NMR spectroscopy. The X-ray structure analysis of 1a and 1b revealed that the complexes are geometric isomers, the two chloro ligands being cis in 1a and trans in 1b. Both compounds have Mo-O-Mo linkages and nearly linear arylimido moieties.
Introduction
Oxo and imido ligands form commonly multiple bonds when attached to transition metal centers. There has been significant interest in the chemistry of the corresponding complexes. Of particular importance are the high-valent organo-imido and -oxo molybdenum derivatives which have been widely studied. Both the imido and oxo groups lead to stabilization of high formal oxidation states. A large number of imido compounds are known for the majority of the transition metals in various oxidation states, although high-valent centres in which the metal has a d 2 -d 2 electronic configuration are particularly stable [1] . For the design of π-conjugated systems this type of ligation is desirable because strong interactions occur between the metal d orbitals and the p orbitals on nitrogen. Changing the electronic and steric characteristics of the organic group bonded to nitrogen allows the modification of the properties of the resulting metal complexes [2] .
0932-0776 / 05 / 0100-0015 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Tris(pyrazolborate) is a facially co-ordinating ligand similar to 6e − donors such as the Cp * (pentamethylcyclopentadienyl) ligand. The sterically encumbering nature of the Tp * ligand compared with Cp * is widely known and exploited in the high activity of catalyst systems [3, 4] . A number of transition metal imido species containing hydridotris(pyrazolborate) type ligands [5 -18] and a number of systems involving µ-ligation in the presence of terminal imido groups have previously been reported [19 -26] . The chemistry of compounds having both arylimido and µ-oxo groups in the presence of a tris(pyrazolyl)borate co-ligand has not been explored widely.
Here, we report the preparation and spectroscopic characterization of three new binuclear
. The structures of the complexes 1a and 1b were determined by X-ray diffraction using single crystals. There are a number of synthetic methods known for introducing imido functionality into coordination compounds. In our work the preparation of the compounds 1a, 1b and 2 was accomplished by double deprotonation of the p-substituted haloanilines. This is a well-known [1, 2] 
Results and Discussion

Synthetic aspects
(X = Br, 1a, cis; 1b, trans; Cl, 2)
In the reaction of [MoTp * OCl 2 ] with 4-bromoaniline, both cis and trans isomers were obtained. No fluxional behaviour was observed in solution related to 1a and 1b. Only one compound was generated in the reaction of [MoTp * OCl 2 ] with 4-chloroaniline though there were some unidentified minor bands in the column chromatography.
Spectroscopic studies
Molecular ion peaks in the mass spectra are in accord with the X-ray structures for 1a and 1b. The molecular ion peak for compund 2 is also consistent with the proposed structure. The 1 H NMR spectra of the complexes are in accord with their formulation. The signals attributable to Tp * appear as two groups of singlets in the regions δ 5.24 -6.20 ppm, assigned to the pyrazolyl C-H protons, and δ 2.24 -3.41 ppm assigned to the methyl protons. Owing to the low symmetry of the complexes all three pyrazolyl C-H protons and all six methyl groups of the Tp * ligand are expected to be nonequivalent in the NMR spectra. In the spectra of 1b and 2, six signals due to the pyrazolyl C-H protons were indeed observed for two nonequivalent Tp * ligands, whereas for 1a, three signals appear in the intensity ratio 1:1:1. The observation of three signals instead of six, could be attributed to coincidental overlap of resonances of two nonequivalent Tp * ligands. The C 6 H 4 ring protons of the compounds 1b and 2 are split into two sets of two whereas in 1a they are all equivalent and only a single signal is observed.
The NH protons generally appear as a sharp singlet in the range δ 11 -13 ppm [1] . The 1 H NMR spectra of 1a, 1b and 2 did not display any signals in this region which led us to consider the existence of either Mo=N or Mo≡N linkages.
Further evidence that supports the existence of either Mo=N or Mo≡N linkages was provided by the IR spectra of 1a, 1b and 2 because the vibrations at ca. 3370 and 3450 cm −1 for the symmetric and asymmetric stretching modes of the NH 2 groups of the free ligands have completely disappeared. A value of 1100 -1300 cm −1 for ν (Mo≡N) has been suggested by Dehnicke [27] , and McCleverty et al. [11] reported values in the range 1200 -1250 cm −1 for Mo=N linkages in the compounds [MoTp * (O)Cl(=NR)] (R = 4-tolyl, and C 6 H 4 NMe 2 -4). The IR spectra of 1a, 1b and 2 also exhibit peaks in the 1200 -1300 cm −1 range which may be ascribed to ν (Mo≡N) . [30] . Hence, the peaks observed for the new compounds 1a, 1b and 2 at ca. 757 -787 cm −1 can be assigned accordingly. The IR spectra of 1a and 1b are almost identical, and the IR spectrum of 2 resembles that of either compound. Thus the determination of the structure of 2 cannot be made on the basis of IR spectra alone. On the other hand, the 1 H NMR data of 2 closely match that of 1b in which two chlorine atoms are trans to each other. Therefore, it would seem plausible to assume that compound 2 has the same geometry as 1b (Fig. 1) .
Crystal structure
An ORTEP view of the molecular structures of 1a and 1b along with the atom numbering schemes are shown in Figs. 1 and 2 , respectively. Selected bond distances and bond angles are listed in Table 1 . Both complexes have two nonequivalent MoTp * Cl units connected by a single oxo bridge. There are two pseudooctahedral metal centers with three nitrogen atoms of each Tp * ligand occupying one face of the octahedron. One Mo atom is coordinated by an arylimido, a fa- (2) 2.4071(6) Mo (2) (2) 95.54 (13) cial Tp * , a terminal chloro and a bridging oxo ligand whereas the second Mo atom is coordinated by a terminal oxo, a facial Tp * , a terminal chloro, and a bridging oxo ligand. The two chlorine atoms are cis to each other in 1a, while the X-ray structure determination of 1b revealed it to be a geometrical isomer with the two chloride ligands trans to each other.
There are two interesting features related to the crystal structures of 1a and 1b. Firstly, there is an Mo-N-R linkage which could be considered as near-linear with Mo(1)-N(1)-C(1) bond angles of 156.19 (17) • in 1a and 176.0(4) • in 1b, respectively. These values are in accord with the range of 160 -180 • for linear angles suggested by Dehnicke [27] . It was reported that near-linear angles in the range 150 -180 • are frequently observed and can be influenced by interligand steric interactions as well as molecule packing forces [12, 31] [29] .
The Mo-N and N-C distances fall into the ranges reported for similar compounds [32] . Mo( [27] . The Tp * ligand is coordinated to each molybdenum atom with Mo-N bond lenghts (Table 1 ) typical for this type of compounds [29] .
In case of transition metals in high oxidation states, the free electron pair of a nitrogen atom participates in the M-N bond, resulting in a linear M-N-R arrangement with an M≡N triple bond [27] . Considering the Mo-N-C bond angles and the electron count Mo≡N linkages are also to be assumed for 1a and 1b. In general, two Lewis structures have been proposed for the metal nitrogen bond in imido complexes [32] .
The Mo (2) (19), and 2.3958(18)Å for 1b are all within expected ranges [33, 34] .
Experimental Section
All preparations and manipulations were carried out with Schlenk techniques under an oxygen-free nitrogen atmosphere. All glassware was oven-dried at 120 • C. Solvents were dried by standard procedures, distilled and kept under nitrogen over 4Å molecular sieves.
The starting material [MoTp * (O)Cl 2 ] was prepared according to Enamark's published method [35] .
Infrared spectra were recorded on a Magna IR spectrophotometer as pressed KBr disks. 1 H NMR spectra were recorded in CDCl 3 on 400 MHz High Performance Digital f.t.-NMR at TUBITAK (Research Council of Turkey). Mass spectra analyses were performed on a Joel AX505 FAB device using Xe at 3KV as a positive ion and a matrix m-NBA (meta-nitrobenzyl alcohol). Elemental analyses were carried out using a LECO CHNS 932 instrument. The crystal structure determination was done by using a Bruker SMART CCD area-dedector diffractometer. 
X-ray crystal structure determination
Single crystals of 1a and 1b were coated with paraffin oil and mounted on a glass fibre. X-ray measurements were made using a Bruker SMART CCD area-detector diffractometer with Mo-K α radiation (λ = 0.71073Å) [36] . Intensities were integrated [37] from several series of exposures, each exposure covering 0.3 • in ω, and the total data set being a hemisphere. Absorption corrections were applied, based on multiple and symmetry-equivalent measurements [38] . The structure was solved by direct methods and refined by least squares on weighted F 2 values for all reflections [39] . All non-hydrogen atoms were assigned anisotropic displacement parameters. Hydrogen atoms H1a, H(2A) were located in the electron density difference map, assigned isotropic displacement parameters and refined without positional constraints. All other hydrogen atoms were constrained to ideal geometries and refined with fixed isotropic displacement parameters. Complex neutral-atom scattering factors were used [40] . Crystal data for 1a and 1b and a summary of data collection and structure refinement parameters are given in Table 2 .
Supplementary material
Crystallographic data for the structural analysis have been deposited with the Cambridge Crystallographic Data Centre; CCDC No. 238023 for compound 1a.2CH 2 
